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AESTRACT 


An  analysis  has  been  made  of  a coaxial  transinissicn  line  composed 
of  two  coaxial  cylindrical  conductors.  Two  dielectrics  fill  different 
angular  portions  of  the  volume  between  the  conductors,  roe  propagation 
constants  (primarily  the  guide  wavelength)  are  determined  by  a resonant 
condition  applied  to  the  plane  transverse  to  the  direction  of  propagation. 

Experimental  verification  is  given  for  near  unity  values  of  the  ratio 
of  the  outer  to  the  inner  radius.  In  addition,  an  experimental  investi- 
gation has  been  made  of  the  properties  of  the  guide  wavelength  as  a func- 
tion of  frequency  and  larger  ratios  of  the  radii. 
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I.  INTRODUCTION 


f 


The  propagation  constants  of  coaxial  transmission  lines  with  coaxial 

dielectric  cylinders  have  been  determined  by  means  of  several  methods. 

The  problem  has  been  treated  as  a boundary  value  problem  as  well  as  a 
12 

modal  problem.  * 

On  the  other  hand  the  composite  structure  of  coaxial  cylinders  and 
a wedge-shaped  dielectric  material  does  not  lend  itself  to  a simple 
analysis  by  means  of  the  solution  of  Maxwells * Equations  subject  to  the 
proper  boundary  conditions.  A simple  approach  which  yields  good  results 
is  made  here  using  an  approximate  modal  method. 
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'll.  THEORY  AND  EXPERIMENTAL  RESULTS 


The  waveguide  shewn  in  Jig.  1(a)  consists  of  two  uniform  coaxial 
'ylindrical  conductors  the  space  between  the  cylinders  being  partially 


lilled  with  material  of  dielectric  constant  er  The  remaining  volume  has 


a dielectric  constant  e, . The  structure  has  even  symmetry  about  the  plane 
AA’  and  through  the  use  of  the  bisection  theorem  can  be  considered  as  a 


"bent"  waveguide  of  width  1 and  length  2 Vp  where  p is  an  average  radius. 

o 


The  ends  of  the  "bent"  waveguide  are  open  circuited.  The  requirement  that 

the  total  admittance  looking  in  both  directions  at  the  point  T yields  the 

3 . . 


resonant  frequencies  can  be  written  as  follows? 
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Yrt„  and  Y„,  are  the  characteristic  admittances  of  the  sections  2 and 

\jc.  UX 

1 respectively.  The  wavelengths  *c2  and  Acl  are  the  wavelengths  of  pro- 
pagation of  the  fields  into  region  2 and  region  1 respectively  of  the 


■bent"  waveguide. 
Tor  the  region  1, 
k 
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The  angle  is  shown  in  Fig.  1(b). 
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Similarly  for  region  2, 
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For  both,  A0  is  the  Tree-space  wavelength,  is  the  unknown  resonant 


form: 


wavelength  or  propagation  wavelength  in  the  axial  direction  of  Fig.  1(c). 

a^ove  relations  may  be  arranged  in  the  following 

fey  t*  j i* 

3 l ter-  J 
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and 


Hence,  the  resonant  condition  beccxies: 


If  the  arguments  are  small. 
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The  ratio  of  then  becomes  independent  of  the  average  radius  p-  and 
X1 
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Equation  (2)  can  be  obtained  from  the  consideration  of  the  "static" 
problem  in  the  diagram  of  Tig.  2. 

The  capacitances  per  unit  length  of  the  regions  1 and  2 are, 

Ze.  (v-0)  ? «*  0 

_ 1 ‘ a /i  


°1  “ 


and  Cg  « 


respectively. 


The  total  equivalent  capacitance  is, 

Ce  * °1  + C2  " C01  ^ ( ~T~. 1 ) + 1 J 


■where  C, 


*V  £ a 


-f  n b/a 

The  equivalent  phase  velocity,  V and  wavelength  of  propagation,  X , 
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and  so 
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The  variation  of  the  propagation  wavelength  as  a function  of  the 

amount  of  filling  by  the  dielectric  as  calculated  from  the  *3tatic" 

formula  (2)  is  shown  in  Tig’.  (3)*  " • The  experimental  points  are  for  a 

considerable  number  of  frequencies  and  for  a ratio  of  the  radii: 

5 - 1.6.  These  points  for  most  of  the  frequency  range  lie  within  the 

circles  shown.  A detailed  investigation  of  the  deviation  of  the  ratio 

cf  r-B,as  calculated  from  resonant'  condition  (1).  from  the  static  approxi- 
*1 


FIG..  3 LOW-FREQUENCY  APPROXIMATE  GDI DE-SAVELENGTH  VARIATION  AS 
FUNCTION  OF  ANGULAR  DIELECTRIC  FILLING.: 


nation  of  (2)  as  a function  of  the  frequency  is  summarized  in  Fig.  I*.  For 
this  set  of  data,  the  relative  dielectric  constant  of  region  1 13  1.0  (air) 
and  that  of  region  2 is  2.8  (Hysol  plastic).  The  ratio  | is  1.60.  (Actual 
dimensions r b«l/2",  a«5/l6*,  frequency  range  between  1,000  meps  and  3,500 
meps). 

The  effect  of  the  variation  of  the  ratio  | on  the  wavelength  has  been 
Investigated  for  a large  frequency  range.  Fig.  5 indicates  this  variation 
for  several  frequencies.  As  the  ratio  of  b to  a becomes  larger,  the  "bent* 
waveguide  approximation  becomes  worse. ^ 

in  the  limit  of  ^ ® , the  physical  shape  of  the  dielectric  approaches 

a dielectric  wedge.  Fig.  6 illustrates  that  the  ratio  — variation  with 
frequency  is  small.  The  deviation  from  the  static  approximation  due  to  the 
waveguide  property  is  compensated  in  part  by  a correction  necessitated  by 
the  circular  bend. 

The  modal  structure  of  the  fields  within  this  partially  filled 
coaxial  line  was  examined  in  detail.  The  guide  wavelength  was  measured 
for  the  three  positions  indicated  in  Fig.  7.  Within  experimental  accuracy, 
the  guide  wavelength,  the  position  of  voltage  minima  and  voltage  maxima 
remained  unchanged  for  the  three  positions.  This  was  true  for  a large 
number  of  frequencies  and  for  two  conditions  of  load?  e.g.  (1)  short  cir- 
cuit and  (2)  arbitrary  resistive  load. 

By  rotating  the  inner  structure  of  the  coaxial  cable  dielectric 
assembly,  the  charge  distribution  on  the  inner  surface  of  the  outer  con- 
ductor was  obtained.  As  is  seen  in  Fig.  8. , the  charge  distribution  does 
follow  a cosinusoidal  type  of  variation  from  the  plane  of  symmetry  in 
region  2 and  hyperbolic  cosine  variation  in  region  1$  it  is 
rapidly  changing  about  the  plane  of  the  dielectric  discontinuity.  The  ratio  of 
charge  densities  of  the  two  regions  is  equal  to  the  ratio  of  the  dielectrics 
used.  (Hysol  plastic,-^*  2.8).  The  frequency  for  this  measurement 

c i 

was  2000  meps. 

The  coaxial  line  in  which  aT 1 the  measurements  were  made  consists  of 
a slotted  outer  conductor  of  1 inch  inner  radius.  The  dielectric  used 
was  a lew-loss  Rysol  plastic  of  a relative  dielectric  constant  of  2.8. 

The  slot  through  which  the  search  probe  was  inserted  was  covered  by  a 
sliding  shield  so  that  slot  mode  excitation  was  negligible. 
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STATIC  AH  BOX. 


FIG.  4 COMPARISON  OF  THE  APPROXIMATE  METHOD.  MODAL  METHOD  AND  EXPERI- 
MENTAL RESULTS  AS  A FUNCTION  OF  FREQUENCY.  (Cg/C,  =2.9;  b/O  -1.6) 


CHARGE-DENSITY  DISTRIBUTION  ON  THE  INNER  SURFACE  OF 
THE  OUTER  CONDUCTOR  FOR  A PARTIALLY  FILLED  COAXIAL 
LINE. 
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CONCLUSION 

The  partially  filled  coaxial  cable  can  be  analyzed  to  a very  god 
approximation  by  a simple  static  method  as  long  as  the  ratio  of  the  outer 
to  the  inner  radius  is  small.  Even  for  frequencies  high  enough  to  al- 
most propagate  the  next  higher  mode  this  approximate  method  is  useful. 

The  method  could  be  e x tended  to  similar  problems  which  do  not  lend  them- 
selves to  easy  solution  by  means  of  exact  boundary  value  problem  methods. 
The  dielectric  wedge  obtained  as  a consequence  of  a large  ratio  of  the 
outer  to  the  inner  radius  produces  a guide  wavelength  near  to  that  calcu- 
lated approximately. 
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